Abstract -It is shown in this paper how the classical concept of the "network analyser" can be extended towards modulated and large-signal operating conditions. The concept is demonstrated by measuring the saturated behaviour of a MMIC amplifier, excited by modulated signals with CDMA characteristics. It is then illustrated how the measured data can be used to construct an accurate behavioural model.
I. Introduction
Modern designers are confronted with large signal behaviour of components under modulated stimuli. They have a need to analyse all aspects of the behaviour of their devices, such as harmonics, compression, large signal input match, breakdown effects,.... Classic "network analyzers" measure s-parameters, which limits the operator to characterizing small signal behaviour (at least for any active devices). This paper introduces a "network analyzer" concept which goes beyond s-parameters and which gives the designer unprecedented insight in large-signal behaviour under a modulated signal stimulus. This is achieved by actually measuring the voltage and current time domain waveforms as they appear at both input and output. The measured data can be used to construct a behavioural model. This can be plugged into a simulator to accurately predict how the component will interact with other devices.
II. The Measurement System
The measurements are performed with a so-called "Nonlinear Network Measurement System" (NNMS), a prototype instrument developed by Agilent Technologies [1] . A schematic representation is depicted in Fig.1 Similar to other microwave measurement techniques, a calibration procedure is needed to get good accuracy. The calibration procedure used is a superset of the typical calibration procedures for classical linear network analysers. Two steps had to be added: correction of the absolute amplitude error and of the phase errors of the harmonic signals relative to the fundamental. The first is done by using a power sensor and by comparing the power meter read out with the amplitude as measured by the NNMS. The phase calibration is done by connecting a so-called reference generator (refgen) to the NNMS, and comparing the measured harmonic phases (relative to the fundamental) with the known phases of the refgen. The harmonic phases of the refgen on their turn are determined by performing a "nose-to-nose" calibrated broadband oscilloscope measurement.
III. The Measured Data
The device-under-test (DUT) used to illustrate the measurement capabilities is a 1.9 GHz MMIC amplifier. The results are illustrated in Fig.2 to Fig.5 . For each data acquisition the DUT is excited by a multitone signal which emulates the characteristics of a CDMA signal. Each excitation signal exists out of 29 tones, with a spacing of 50 kHz, symmetrically located around 1.9 GHz (the total bandwidth equals as such 1.4 MHz). Each component is chosen as a stochastic realization of a complex normal distribution. This ensures that the set of excitation signals has approximately the same statistical properties (amplitude and phase) as well as spectral properties as a real CDMA signal.
Similar to the convention used in classical "network analysis", a1 refers to the incident travelling voltage wave at port 1, b1 refers to the reflected wave at port 1 and b2 refers to the transmitted wave at port 2. Fig.2 to Fig.4 return time domain representations of a1, b2 and b1 for one experiment. The time scale used is normalized such that 1 corresponds to 20 ,us for the modulation envelope and to 100 ns for the carrier. This dual time scale is used to avoid that the RF carrier shows up as one black blur. The graphics also show the peak-amplitudes of the 1.9 GHz component, together with the second and third harmonic for Fig.3 and Fig.4 , as a function of time. The figures reveal a significant amount of compression due to clipping at the highest input amplitudes for the b2 wave, while there is a significant amount of expansion for the b1 waves at the same time instant (this indicates a bad input match for higher input amplitudes). Fig.5 represents the dynamic harmonic distortion characteristics for the b1 and the b2 wave. With dynamic harmonic distortion is meant that these characteristics are being measured during the modulation.
IV. The Behavioural Model
The idea of the behavioural model is to describe the fundamental and harmonic phasors of b1 and b2 as a function of the fundamental phasor a1. This way the behavioural model describes compression, harmonics, spectral regrowth. For this paper a piece-by-piece polynomial model is used, whose parameters are determined by a least squares fit to the set of experiments. The extracted model is compatible with harmonic balance simulators and allows fast and accurate simulations.
The experiment is designed such that the statistical properties of a1 are similar to an actual CDMA signal. As one can see, the model is accurate towards predicting spectral regrowth, which is a key parameter for telecommunication components. Fig.6 shows an overlay plot of the measured and predicted spectral regrowth. The error between the two is smaller than 1 dB.
V. Conclusions
The proposed measurement concept extends the "network analysis" beyond s-parameters and allows to accurately model the behaviour of a device which is excited by a modulated large-signal stimulus.
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